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CIRCUIT ARRANGEMENT FOR 
GENERATING A DIGITAL CLOCK SIGNAL 

RELATED APPLICATION 

The present application claims priority of US. Patent 
Application Ser. No. 60/531,346 ?led by Martin Friedrich, 
Christian GreWing and Rashid Malik on Dec. 19, 2003. 

FIELD OF THE INVENTION 

The invention relates to a circuit arrangement for gener 
ating a digital clock signal. In particular, the invention 
relates to a circuit arrangement for generating a digital clock 
signal in the kHZ range With very small currents in the uA 
range, Which is employed eg in the sleep mode of an 
integrated circuit. 

BACKGROUND OF THE INVENTION 

In order to generate a digital clock signal, it is knoWn to 
use crystal oscillators. Crystal oscillators are distinguished 
by a high frequency stability. A relatively high current 
consumption is disadvantageous, hoWever. 

SUMMARY OF THE INVENTION 

The present invention provides a circuit arrangement for 
generating a digital clock signal Which manages Without a 
crystal oscillator. In this case, the circuit arrangement is 
intended to be distinguished by a loW current consumption. 

According to an embodiment of the invention, a circuit 
arrangement includes: a transistor circuit having a ?rst, 
n-channel FET transistor and a second, p-channel FET 
transistor, Which are connected in series, a comparator 
having a positive comparator input, a negative comparator 
input and a comparator output, a device for providing tWo 
sWitching thresholds, Which, at its output, alternatively 
provides tWo sWitching thresholds for the comparator, the 
output of the device being connected to the negative input of 
the comparator, and a capacitance, Which is alternately 
charged and discharged via the tWo FET transistors, the 
voltage present at the capacitance being fed to the positive 
comparator input. The output voltage of the comparator 
represents a digital clock signal, Which is fed back to the 
input of the device for providing tWo sWitching thresholds 
and to the gate terminals of the ?rst and second FET 
transistors. 

The device for providing tWo sWitching thresholds, Which 
is preferably an inverter, makes available at its output, 
depending on the input signal, one of tWo sWitching thresh 
olds for the negative comparator input. The capacitance C is 
charged With a constant current via one of the FET transis 
tors and is discharged With a constant current via the other 
of the FET transistors. The voltage of the capacitance Which 
is present at the positive comparator input and the sWitching 
threshold Which is present at the negative comparator input 
determine the state of the comparator output. The compara 
tor is used as a voltage comparator and makes a digital clock 
signal available at its output. By using integrated compo 
nents and dispensing With external components such as 
external crystal oscillators, it is possible to achieve a very 
loW current consumption. This applies particularly to the 
case Where the integrated components are embodied in 
CMOS technology. 

In a preferred re?nement of the invention, the circuit 
arrangement additionally has means for setting the fre 
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2 
quency of the output signal of the comparator, said means 
in?uencing the voltage at the positive comparator input. In 
a preferred embodiment, said means is a device for control 
ling the current through the ?rst FET transistor and the 
second FET transistor. In particular, the circuit arrangement 
has a ?rst current source for providing a current for the ?rst 
FET transistor and a second current source for providing a 
current through the second FET transistor, the device for 
controlling the current controlling the ?rst current source 
and/or the second current source. Control in the sense of the 
present invention is in this case to be understood to mean 
both open-loop control (Without feedback) and closed-loop 
control (With feedback). 
The control of the current through the current sources of 

the FET transistors in?uences the charging and discharging 
operations of the capacitance, the voltage of Which is fed to 
the positive comparator input. Accordingly, the frequency of 
the output signal of the comparator may be in?uenced or set 
by varying the currents or a control of the current sources. 

In an alternative re?nement, the means for setting the 
frequency are provided by a device for setting the capaci 
tance. In this case, the capacitance preferably has a plurality 
of partial capacitances, Which can be connected in parallel 
With one another by means of sWitches, the device for setting 
the capacitance connecting said partial capacitances in or 
out. In other Words, the device for setting the capacitance is 
a Trim logic Which connects partial capacitances in or out. 

In the case of this variant of the invention, the frequency 
of the clock signal is in?uenced insofar as, in the case of a 
relatively large capacitance, the charging or discharging 
current provided by the tWo FET transistors leads to a sloWer 
voltage build-up or reduction, respectively, at the capaci 
tance and thus at the positive comparator input. The fre 
quency of the clock signal accordingly goes doWn. The 
frequency of the clock signal increases in a corresponding 
manner in the case of a reduction of the capacitance. 

It may be provided that the device for setting the capaci 
tance or the device for controlling the current4depending 
on Which of these tWo possibilities is utiliZed for in?uencing 
the frequency of the clock signaliperforms a comparison of 
the present frequency of the clock signal With a reference 
frequency at speci?c time intervals. The reference frequency 
is provided for example by an external crystal oscillator. 
HoWever, since such an adjustment is only e?fected momen 
tarily, the crystal oscillator can be switched off again after a 
corresponding adjustment, so that the additional crystal 
oscillator gives rise only to a loW current consumption. 
The currents through the ?rst FET transistor and the 

second FET transistor are preferably identical in terms of 
magnitude. The capacitance is then charged or discharged by 
constant currents of equal magnitude. Furthermore, the ?rst 
FET transistor and the second FET transistor are preferably 
designed in complementary fashion With respect to one 
another, Which ensures that currents of identical magnitude 
are provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in more detail beloW using an 
exemplary embodiment With reference to the ?gures, in 
Which: 

FIG. 1 shoWs a circuit arrangement for generating a 
digital clock signal; 

FIG. 2 shoWs the curve pro?le of the voltages at the 
positive comparator input, at the negative comparator input 
and at the comparator output of the comparator of the circuit 
arrangement of FIG. 1; and 
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FIG. 3 shows a detailed illustration of the capacitance of 
the circuit arrangement of FIG. 1. 

DESCRIPTION OF A PREFERRED 
EXEMPLARY EMBODIMENT 

The circuit arrangement of FIG. 1 has two switching 
transistors P1, N1, which are a P-channel FET transistor 
(?eld-effect transistor) P1 and an N-channel FET transistor 
N1. The two transistors P1, N1, and equally the further 
circuit parts of the circuit arrangement, are preferably 
embodied in CMOS technology. 

The two switching transistors N1, P1 are connected in 
series with one another. The source terminal of the P-chan 
nel transistor P1 is connected to a supply voltage VDD via 
a ?rst current source 10. The source terminal of the N-chan 
nel transistor N1 is connected to ground via a second current 
source 20. The drain terminals are connected on the one 
hand to one another and on the other hand to one terminal 
of a capacitance 60, which is also referred to as C tank 
below. 
A comparator 50 is provided, which has a negative 

comparator input 51, a positive comparator input 52 and a 
comparator output 53. The positive comparator input 52 is 
connected to one terminal of the capacitance 60, so that the 
voltage present at the capacitance 60 determines the voltage 
at the positive comparator input 52. The negative compara 
tor input 51 is connected to the output 42 of an inverter 40. 
The output 53 of the comparator can be tapped off as clock 
signal at a reference point OUT. Furthermore, the output of 
the comparator 53 is fed back on the one hand to the gate 
terminals of the switching transistors P1, N1 and on the 
other hand to the control input 41 of the inverter 40. 

The inverter 40 comprises, for example, two series 
connected N-channel and P-channel transistors, the gate 
voltages of which are determined by the voltage at the input 
41. One of the transistors is connected to a voltage Vcomp 
max, and the other of the transistors is connected to a voltage 
Vcomp-min. Depending on whether a HIGH signal or a 
LOW signal is present at the input 41 of the inverter 40, the 
voltage Vcomp-max or the voltage Vcomp-min is switched 
through to the output 42, while the respective other transistor 
is in the off state (CMOS inverter). 

The voltages Vcomp-max and Vcomp-min make two 
switching thresholds available for the comparator 50, the 
inverter 40 making available at its output 42, depending on 
the input signal, either the voltage Vcomp-max or Vcomp 
min as switching threshold. 

The circuit arrangement furthermore has two optional 
devices 30, 70. One of these is a frequency control device 
30, which enables a closed-loop control or open-loop control 
of the current sources 10, 20. As also explained, the output 
frequency of the oscillator can be set in current- or voltage 
controlled fashion by means of a closed-loop control or 
open-loop control of the current sources 10, 20, if this is 
necessary. A further possibility for in?uencing the frequency 
of the clock signal is provided by a Trim logic 70, which can 
switch capacitances of the C tank in or out as required. The 
output frequency of the oscillator can be set by this means 
too. In this case, the accuracy of the frequency setting is 
given by the smallest capacitance value that can be realiZed 
in a technologically practical fashion. 

The in?uence of the Trim logic 70 on the C tank 60 is 
illustrated in greater detail with reference to FIG. 3. Accord 
ingly, the C tank 60 comprises a plurality of partial capaci 
tances 61, 62, 63. The capacitances 62, 63 can be connected 
in parallel with the capacitance 61 via switches S1, S2. In 
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4 
this case, switching is effected via the Trim logic 70, which 
performs a digital driving of the switches S1, S2. 
The functioning of the circuit described is described 

below, reference being made supplementarily to FIG. 2. The 
signi?cance of the optionally provided frequency control 
device 30 and Trim logic 70 will initially not be considered 
in this case. 

Via the switching transistors N1, P1, the capacitance 60 is 
charged with a constant current I1 (with transistor P1 in the 
on state) or discharged with a constant current I2 of equal 
magnitude (with N-channel transistor N1 in the on state). In 
this case, the clock is prescribed by the output signal of the 
comparator 50, the output 53 of which is connected to the 
gate terminals of the transistors P1, N1. Consequently, a 
varying voltage is present at the capacitance 60, depending 
on the charge state. Said voltage is fed to the positive 
comparator input 52. The voltage at the negative comparator 
input 51 is provided by the inverter 40 one of the two values 
Vcomp-max and Vcomp-min alternately being provided. 
The voltage at the capacitance 60 which is present at the 
positive comparator input 52 and the voltage which is 
present at the negative comparator input 51 determine the 
state of the comparator output 53 and the state of the 
capacitance 60 according to the following table: 

Comparator input Comparator output Charge state C 

HIGH 
LOW 

voltage+ > voltage 
voltage+ < voltage 

discharging (I2) 
charging (I1) 

If the voltage at the positive comparator input 52 is greater 
than the voltage at the negative comparator input 51, the 
signal “HIGH” is present at the output of the comparator 50. 
If the voltage at the positive comparator input 52 is less than 
the voltage at the negative comparator input 51, the voltage 
“LOW” is present at the comparator output. This respec 
tively corresponds to a charging and discharging of the 
capacitance 60. 

In order to ensure a reliable changeover of the comparator 
50, the following condition must hold true for the switching 
thresholds Vcomp-max and Vcomp-min provided by the 
inverter 40: VDD>Vcomp-max>Vcomp-min>VSS. In this 
case, VDD represents the positive operating voltage and VSS 
the negative operating voltage, the latter generally being 
equal to ground. 

FIG. 2 shows by way of example the pro?le of the 
voltages at the comparator inputs 51, 52 and at the com 
parator output 53 as a function of time. The voltage at the 
negative comparator input is illustrated in dotted fashion and 
denoted by U—. The voltage at the positive comparator input 
is illustrated as a solid line and denoted by U+. The voltage 
at the comparator output is illustrated in dashed fashion and 
denoted by UOUT. 
At the instant t0, suppose that the capacitance 60 is 

completely discharged and the comparator output 53 is 
switched to “LOW”. Thus, across the inverter 40, the value 
Vcomp-max is present as switching threshold at the negative 
comparator input 51. Since the comparator output 53 is 
switched to “LOW” the P-channel transistor P1 is further 
more in the on state, while the N-channel transistor N1 is in 
the off state. The capacitance 60 is then charged with the 
current I1 of the current source 10 via the P-channel tran 
sistor P1, which is in the ON state, until it holds true for the 
voltage at the positive comparator input 52 that said voltage 
is greater than Vcomp -max at the negative comparator input 
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51. The comparator 50 thereupon switches the output to 
logic “HIGH” i.e. U01” equal to VDD. 
At the same time, the switching threshold at the output of 

the inverter 42 changes to Vcomp-min. Furthermore, at the 
same time the P-channel transistor P1 is turned off, While the 
N-channel transistor N1 is turned on. The capacitance 60 is 
thereupon discharged With the current I2 and the voltage at 
the capacitance 60 is thus reduced until the sWitching 
threshold Vcomp-min is undershot at the positive compara 
tor input 52. If this occurs, the comparator sWitches to logic 
LOW, i.e. U01” equal to VSS, at the output and the sequence 
described starts aneW. 

It should also be mentioned that comparator 50, in accor 
dance With the properties of a comparator, outputs the value 
VDD (logic HIGH) at the output 53 if the voltage at the 
negative comparator input 51 is less than the voltage at the 
positive comparator input 52. In the other case, the output 
voltage of the comparator 50 is at VSS (logic LOW). 
Depending on the logic family used, other output voltages 
may also be provided. 

The circuit described thus makes a digital clock signal 
available at the output OUT. The clock frequency preferably 
lies in the kilohertZ range, an example being 400 kHZ. The 
current consumption preferably lies in the HA range, an 
example being approximately 40 HA. The components, as 
already mentioned, are preferably embodied in CMOS tech 
nology. The currents I1, I2 through the transistors P1, N1 are 
generated for example from a buffered bandgap reference by 
means of current mirrors. The sWitching thresholds Vcomp 
max and Vcomp -min are generated from the same reference, 
for example by means of a high-impedance voltage divider. 

The possibility of frequency setting by means of the 
frequency control device 30 and the Trim logic 70 Will noW 
be discussed. The frequency control device 30 can effect 
open-loop or closed-loop control of the current I1, I2 
through the current sources 10, 20. Through a change in the 
current I1, I2, the capacitor 60 is charged or discharged 
di?ferently. This leads to different time pro?les until the 
sWitching threshold Vcomp-max or Vcomp-min is reached 
at the positive comparator input 52. The output frequency of 
the comparator 50 changes accordingly. 
A comparable effect may also be achieved by means of the 

Trim logic 70, Which, as explained With reference to FIG. 3, 
connects partial capacitances 61, 62, 63 of the C tank 60 in 
or out. The magnitude of the capacitance in?uences the time 
taken to reach the voltage Vcomp-max-Vcomp-min given a 
constant charging or discharging current I1, I2 at the positive 
comparator input 52, said voltage being present as sWitching 
threshold at the negative comparator input 51. Accordingly, 
the output frequency can also be in?uenced by capacitances 
being connected in or out. 
As already mentioned, the frequency control device 30 

and the Trim logic 70 are optional. It is also optionally 
possible for both to be used in combination. 

In a further re?nement of the circuit arrangement, the 
frequency control device 30 and/ or the Trim logic 70 can be 
coupled to an external resonator, in particular a crystal 
oscillator. HoWever, the external oscillator is sWitched on 
only at speci?c time intervals. It then serves to provide a 
reference value for a desired output frequency. In this case, 
the frequency control device 30 and/or the Trim logic 70 
compares the present frequency of the clock signal With a 
desired comparison frequency provided by the external 
resonator and, if appropriate, changes the frequency in order 
to achieve correspondence. The external resonator is then 
switched off again, With the result that the current consump 
tion of the external resonator is loW. 
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6 
The con?guration of the invention is not restricted to the 

exemplary embodiment presented above. By Way of 
example, the individual components may belong to a dif 
ferent logic family than CMOS. Moreover, by Way of 
example, the sWitching thresholds Vcomp -max, Vcomp -min 
may also be provided by different circuit means than an 
inverter. 

We claim: 
1. A circuit arrangement for generating a digital clock 

signal, the circuit arrangement comprising: 
a transistor circuit including a ?rst, n-channel FET tran 

sistor and a second, p-channel FET transistor, Which are 
connected in series, 

a comparator including a positive comparator input, a 
negative comparator input and a comparator output, 

a device for providing tWo sWitching thresholds, Which, at 
its output, alternatively provides the tWo sWitching 
thresholds to the negative input of the comparator, 

a capacitance, Which is alternately charged and discharged 
via the tWo FET transistors, the voltage present at the 
capacitance being fed to the positive comparator input, 

means for setting a frequency of the digital clock signal 
generated by the comparator by in?uencing the voltage 
at the positive comparator input, 

Wherein an output signal generated at the output terminal 
of the comparator represents a digital clock signal, 
Which is fed back to the input of the device for 
providing tWo sWitching thresholds and to the gate 
terminals of the ?rst and second FET transistors, 

Wherein the means for setting the frequency comprises a 
device for controlling currents respectively passing 
through the ?rst FET transistor and the second FET 
transistor, and 

Wherein the device for controlling currents includes 
means for controlling the ?rst FET transistor and the 
second FET transistor such that the capacitance is 
continuously charged discharged via the ?rst FET tran 
sistor and the second FET transistor. 

2. The circuit arrangement as claimed in claim 1, further 
comprising: 

a ?rst current source for providing a current for the ?rst 

FET transistor, and 
a second current source for providing a current through 

the second FET transistor, 
Wherein the device for controlling the currents comprises 

means for controlling the ?rst current source and the 
second current source. 

3. The circuit arrangement as claimed in claim 1, Wherein 
the means for setting the frequency further comprises a 
device for setting a magnitude of the capacitance. 

4. The circuit arrangement as claimed in claim 3, Wherein 
the capacitance comprises a plurality of partial capacitances 
and a plurality of sWitches for selectively connecting the 
partial capacitances in parallel With one another, and 
Wherein the device for setting the magnitude of the capaci 
tance controls the plurality of sWitches to connect the partial 
capacitances according to a selected frequency. 

5. The circuit arrangement as claimed in claim 3, Wherein 
the device for setting the magnitude of the capacitance 
comprises means for performing a comparison of a present 
frequency of the digital clock signal With a reference fre 
quency at predetermined time intervals. 

6. The circuit arrangement as claimed in claim 1, Wherein 
the device for controlling the currents through the ?rst FET 
transistor and the second FET transistor comprises means 
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for performing a comparison of a present frequency of the 
digital clock signal With a reference frequency at predeter 
mined time intervals. 

7. The circuit arrangement as claimed in claim 1, Wherein 
the currents through the ?rst FET transistor and the second 
FET transistor have identical magnitudes. 

8. The circuit arrangement as claimed in claim 1, Wherein 
the ?rst FET transistor and the second FET transistor are 
designed in complementary fashion With respect to one 
another. 

9. The circuit arrangement as claimed in claim 1, Wherein 
the device for providing tWo sWitching thresholds comprises 
an inverter, Whose input is clocked by the digital clock 
signal. 

10. The circuit arrangement as claimed in claim 1, 
Wherein the individual components being embodied in 
CMOS technology. 

11. A digital clock circuit comprising: 
a comparator having a ?rst input terminal, a second input 

terminal, and an output terminal; 
an inverter having an input terminal connected to the 

output terminal of the comparator and an output ter 
minal connected to the ?rst input terminal of the 
comparator; 

a p-channel ?eld-effect transistor (PET) having a ?rst 
terminal coupled to a ?rst voltage source, a second 
terminal connected to the second input terminal of the 
comparator, and a gate terminal connected to the output 
terminal of the comparator; 

an n-channel ?eld-elfect transistor (PET) having a ?rst 
terminal coupled to a second voltage source, a second 
terminal connected to the second input terminal of the 
comparator, and a gate terminal connected to the output 
terminal of the comparator; 

a capacitance circuit connected to the second input ter 
minal of the comparator; and 

means for controlling currents respectively passing 
through the p-channel PET and the n-channel FET such 
that the capacitance circuit is continuously charged 
discharged via the p-channel PET and the n-channel 
FET. 

12. The digital clock circuit according to claim 11, 
Wherein the comparator comprises an operational ampli?er, 
the ?rst input terminal comprises an inverting input of the 
operational ampli?er, and the second terminal comprises a 
non-inverting input of the operational ampli?er. 
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13. The digital clock circuit according to claim 11, 

Wherein the inverter comprises a p-channel transistor con 
nected in series With an n-channel transistor betWeen a high 
voltage source and a loW voltage source, Wherein the gate 
terminals of the p-channel transistor and the n-channel 
transistors are connected to the output terminal of the 
comparator. 

14. The digital clock circuit according to claim 11, 
Wherein the means for controlling currents comprises: 

a ?rst current source connected betWeen the ?rst voltage 
source and the ?rst terminal of the p-channel PET; and 

a second current source connected betWeen the second 
voltage source and the ?rst terminal of the n-channel 
FET. 

15. The digital clock circuit according to claim 14, further 
comprising means for comparing a frequency of a digital 
clock signal generated an the output terminal of the com 
parator With a reference frequency, and f or controlling at 
least one of a capacitance magnitude of the capacitance 
circuit, a current magnitude of the ?rst current source, and 
a current magnitude of the second current source such that 
the digital clock signal frequency is equal to the reference 
frequency. 

16. The digital clock circuit according to claim 11, 
Wherein the capacitance circuit comprises: 

a ?rst capacitor connected betWeen the second input 
terminal of the comparator and the second voltage 
source; 

a second capacitor having a ?rst terminal connected to the 
second voltage source and a second terminal; and 

a sWitch connected betWeen the second terminal of the 
second capacitor and the second input terminal of the 
comparator. 

17. The digital clock circuit according to claim 16, further 
comprising means for comparing a frequency of a digital 
clock signal generated an the output terminal of the com 
parator With a reference frequency, and for controlling the 
sWitch to change a capacitance magnitude of the capacitance 
circuit such that the digital clock signal frequency is equal 
to the reference frequency. 

18. The digital clock circuit according to claim 16, further 
comprising a CMOS element including the p-channel PET 
and the n-channel FET. 
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